Objectives: To show that subjective estimate of patient's condition is related to objective cognitive and functional outcome in cardiac arrest survivors. Design: Longitudinal cohort study. Setting: ICU and Neuropsychology Service in two hospitals in Switzerland.
C ardiac arrest (CA) represents the leading cause of death, with at most 11% of patients surviving hospital discharge (1) . Among these, neurologic recovery is usually good, with 85% classified as Cerebral Performance Category (CPC) (2) 1 or 2 (3). However, previous studies reported some degree of long-term cognitive dysfunction in about 50% of survivors (4) (5) (6) , particularly in memory, attention, and executive functioning (6) (7) (8) (9) (10) . Compared with control subjects with myocardial infarction, CA survivors are more frequently impaired in attention and mental speed, while memory and executive functions seem similar (6) . Long-term functional impairment in CA survivors has also been described in several studies: up to 50% of patients report severe fatigue (11) , 18% need help with everyday activities (12) , and 24% report anxiety, although in similar proportion to controls (13) . Altered quality of life has also been noted, particularly in survivors with CPC 2 or 3 (14) .
Interestingly, patients' subjective perception of their recovery has rarely been addressed, although subjective perception of well-being is the ultimate aim of any clinical intervention. In addition, how subjective evaluation is related to objective measures is even less clear. Significant complaints have been found in 14% of survivors, but these were not associated with cognitive performance (15) . In contrast, complete subjective recovery has been reported in 62-66% of survivors (12) and correlated with anxiety and depression symptoms (13) .
Here, we present the results of an exhaustive long-term cognitive and functional evaluation, including subjective measures. In addition to describing overall outcome, we hypothesized that subjective perception of recovery constitutes a reliable surrogate for detailed objective assessment of patients' cognitive and functional status. In particular, we postulated that patients who report a satisfactory recovery would show better results in standard objective assessment.
MATERIAL AND METHODS

Study Design and Population
We prospectively considered all adult comatose patients admitted after CA to the interdisciplinary ICU between July 2012 and May 2015 at the Lausanne University Hospital and between June 2014 and May 2015 at the Valais Hospital, Switzerland. All patients were treated using a standardized protocol (16, 17) . Decision to withdraw intensive care was based on early multimodal assessment performed during the first days of coma (16) (description and results of early multimodal assessment in relation with longterm outcome can be found in supplemental document 1, Supplemental Digital Content 1, http://links.lww.com/CCM/D220). This study received full approval from both local Ethics Commissions. Informed consent was obtained at admission, from a family member or a physician not involved in the study, and at follow-up, from the patient or a family member. Six months after CA, patients with no prior severe neurologic or psychiatric conditions were offered an exhaustive neuropsychological examination including functional and cognitive assessments.
Subjective and Objective Functional Outcome Assessment
Functional outcome was evaluated 6 months after CA by a certified neuropsychologist (E.J.), through a semistructured interview, prior to the cognitive assessment (in order to limit its influence on patient's subjective evaluation) or by phone if the patient refused participation to the cognitive assessment. Global outcome was assessed both subjectively and objectively. Subjective outcome measures included perception of recovery ("Do you feel that you are back to your baseline functioning, globally similar as before the cardiac arrest?")-used to classify patients as "satisfactory recovery" for a "yes" answer or "unsatisfactory recovery" for a "no" answer-and severity of patients' reported complaints, from 0 (no complaints, spontaneously or upon questioning) to 4 (severe complaints). Objective outcome measures included the CPC, ranging from 1 (good) to 5 (death) (2), the Modified Rankin Scale (mRS), ranging from 0 (no symptoms) to 6 (death) (18) , and the French version of the Glasgow Outcome Scale Extended (GOSE), ranging from 1 (upper good recovery) to 8 (death) (19) .
Complementing these global rating scales, we also assessed specific functional aspects: complaints systematically prompted by questions for eight domains (language, gnosia, praxia, memory, attention, fatigue, behavior or emotional changes, slowing), quality of life (Quality of Life after Brain Injury [QOLIBRI] Scale) (20) , anxiety and depression (Hospital Anxiety and Depression [HAD] Scale) (21, 22) , independence in daily activities (Instrumental Activities of Daily Living [IADL] Scale) (23), professional activity resumption, and driving resumption.
Cognitive Outcome Assessment At 6 months, the same certified neuropsychologist (E.J.) performed a standard neuropsychologic evaluation lasting 2.5 hours in the outpatient consultation. Thirteen scores were extracted to characterize representative cognitive domains: the naming subtest of the Lexis battery (language) (24) , the French version of the California Verbal Learning Test (learning and long-term verbal memory) (25) , the Doors and People test (long-term visual memory) (26) , digit span forward subtest of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV) (short-term verbal memory) (27) , block tapping forward subtest of the Wechsler Memory scale-Third Edition (MEM-III) (short-term visual memory) (28), the Five-points test (productivity) (29) , digit-symbol subtest of the WAIS-IV (processing speed) (27) , and the Alert and Divided attention subtests of the Test battery for Attentional Performance (respectively reaction times and divided attention) (30) . Initiation, Inhibition, and Generation scores were calculated following a method proposed by Godefroy et al (31) using semantic and phonemic verbal fluency, Trail Making and Stroop tests from the GREFEX battery (18) (for details, see supplemental document 2, Supplemental Digital Content 2, http://links.lww.com/CCM/D221). Raw scores were corrected for age and sociocultural level according to each test's published norms and transformed into standard z scores with a mean of 0. A z score less than or equal to -1.65 sd of the mean was considered as impaired. A global cognitive impairment (GCI) index was calculated for each patient as the number of cognitive domains impaired (maximum = 13). Patients with three domains or more impaired (i.e., ≥ 23% of the test battery) were considered to have substantial cognitive impairment.
Comparing Subjective Versus Objective Recovery
Spearman rank correlations tested associations between subjective and objective global functional outcome measures. Performance of subjective recovery to identify objectively good outcomes (CPC 1) was addressed using exact binomial CIs.
To address whether subjective assessment is informative of detailed objective outcomes, we tested whether patients reporting "satisfactory recovery" differed from those reporting "unsatisfactory recovery" on cognitive and functional domains using two-sided nonparametric tests for continuous variables (Wilcoxon signed-rank test) or Fisher exact tests for categorical variables. Finally, to determine whether reported cognitive status accurately reflects measured cognitive performance, we correlated complaints severity with GCI.
Descriptive statistics are given as median (interquartile range), unless otherwise specified. The significance level was set at two-sided α = 0.05. We did not correct for multiple comparisons, given the exploratory nature of this study. All analyses were run on MATLAB 2015b (MATLAB, The MathWorks Inc., Natick, MA).
RESULTS
Population
Over the study period, 138 post-CA comatose patients were admitted (Lausanne: 121, Valais: 17). Among them, 67 were discharged (49% survival). Six months after CA (28 wk [27-31 wk]), 50 (Lausanne: 48, Valais: 2) ( Table 1 ) received long-term assessment, and 42 also undergo neuropsychological testing (Fig. 1) .
Main reasons for noninclusion were patient's refusal (n = 7), severe preexisting neurologic or psychiatric comorbidities (n = 5), and patients living too far from the assessment center or being otherwise impossible to reach (n = 4). 
Functional Outcome
At 6 months follow-up, all but one patient had returned home (this patient was unable to respond to detailed questions). Subjective measures showed that 35 (70%) reported a satisfactory recovery and 14 of 49 (29%) reported no complaint. Objective measures classified 38 (76%) as CPC 1, 13 (26%) as mRS 0, and 19 (38%) as GOSE 1 (Fig. 2) . Subjective and objective outcome measures were strongly and positively correlated (CPC and subjective recovery: r s = 0.56, p < 0.001; mRS and complaints severity: r s = 0.53, p < 0.001) (Fig. 2) . Subjective recovery identified patients with objective good outcomes (CPC 1) with 0.84 sensitivity (95% CI, 0.73-0.96), 0.75 specificity (95% CI, 0.51-0.99), and positive predictive value (PPV) of 0.91 (95% CI, 0.82-1.00).
Fatigue was the most frequently reported complaint (35/49 patients; 71%), followed by change in behavior or emotion (25; 51%), slowing (24; 49%), attention (18; 37%), memory (17; 35%), language (12; 24%). Gnosia or praxia impairments were rare (1; 2%). The majority of patients were independent for daily activities (IADL > 6 points: 42/50; 84%); 16 of 26 (61%) were able to resume working, and 29 of 40 (73%) could resume driving. Five patients (10%) showed signs of anxiety and three (6%) of depression (HAD). Overall quality of life satisfaction was 79% (63-86%).
Regarding subjective outcome, survivors reporting "unsatisfactory recovery" showed significantly worse results on all global objective and subjective outcome scales ( Table 2) . They also reported lower quality of life satisfaction (QOLIBRI total score, QOLIBRI physical problems score, and to a lesser extent, QOLIBRI emotional and cognitive scores), more frequent complaints (in particular regarding memory, attention, slowing, fatigue), depression symptoms (HAD), and impairment of daily living activities (IADL); they were less likely to return working or resume driving.
Cognitive Outcome
Forty-two patients (30 "satisfactory recovery", 12 "unsatisfactory recovery") underwent cognitive examination (seven refused to participate, one was in a nursing home; CPC at 6 months: 1.5 [1-2] vs 1 [1] [2] in the participating group; Z = 1.98, p = 0.05). Domains most frequently impaired were processing speed (9/42 patients impaired; 21%), language (9; 21%), long-term memory (8; 19%), and initiation (8; 19%). In contrast, domains most often preserved were short-term verbal memory (two patients impaired; 5%), reaction times (2; 5%), generation (3; 7%), and productivity (3; 7%) (Supplemental Table 2 , Supplemental Digital Content 2, http://links.lww.com/CCM/D221). Overall, patients had 1 (0-3) impaired cognitive domains (GCI), and 11 (26%) were considered to have substantial cognitive impairment. Survivors with "unsatisfactory recovery" showed significantly worse performance in seven of the 13 cognitive dimensions (54%) considered: learning, verbal and visual long-term memory, shortterm visual memory, initiation, processing speed, and divided attention ( Fig. 3; and supplemental document 2, Supplemental Digital Content 2, http://links.lww.com/CCM/D221). GCI was also significantly more important in survivors reporting "unsatisfactory recovery" (3 [2] [3] [4] [5] impaired domains) as compared to survivors reporting "satisfactory recovery" (1 [0-3] impaired domains; Z = -3.21, p < 0.001). Respectively, seven (58%) versus four patients (13%) had substantial cognitive impairment.
Finally, objective measures of cognitive performance correlated strongly and positively with subjectively perceived cognitive status (GCI and complaint severity: r S = 0.64; p < 0.001).
DISCUSSION
This study shows that subjective evaluation appears to be a reliable indicator of cognitive and functional long-term outcome in CA survivors. In fact, 70% of patients deemed that they had returned to preinjury functioning level, consistent with objective evaluation identifying 76% as CPC 1. Subjective assessment had high sensitivity and PPV in identifying CPC 1. Subjective measures correlated strongly with all objective global outcome scales and measured cognitive performance. In addition, grouping patients by subjective recovery showed that survivors reporting satisfactory recovery exhibit consistently better results than those with unsatisfactory recovery on specific functional dimensions, including quality of life, domains of complaints, independence, depression, ability to return to work, and to resume driving. They also displayed better cognitive performance in most of the cognitive domains tested, particularly learning, long-term memory, and selected dimensions of attention and executive functions.
As a whole, our sample of CA survivors experienced good overall long-term outcomes, consistent with previous literature reporting CPC 1 in 84% (8) and complete subjective mental recovery in 62-66% (12) . Quality of life satisfaction was high (79% satisfaction, similar to 76% previously reported at a more distant follow-up time [32] ), and anxiety and depressive symptoms were rare (10% and 6% respectively, similar to the findings of 11% and 7% in [13] ). However, our detailed evaluation also revealed frequent complaints, especially concerning fatigue (71%) and inability to go back to work (39%). Detailed neuropsychologic evaluation detected substantial cognitive impairment in 26% of survivors, higher than the 13% at 3 months or 11% at 1 year reported in (15) (potentially explained by the higher number of tests considered in our Critical Care Medicine www.ccmjournal.org e291 study) but lower than the 50% of patients showing mild cognitive impairment reported in (6) . In particular, we revealed that processing speed and language impairments (both 21%) were as frequent as the classical impairments in long-term verbal memory (19%) or executive functions (19% for initiation, 17% for inhibition) (6, 15) .
Few studies tested associations between subjective and objective measures in CA survivors. Measuring subjective recovery with complex questionnaires provided inconsistent results: long-term memory complaints (33) have been associated with general physical and mental health (34, 35) , but cognitive complaints (36) did not correlate with raw cognitive performance (15) . Our simple and direct subjective recovery measure seems more similar to the second item of the Two Simple Questions (37): "Do you feel that you have made a complete mental recovery after your heart arrest?", which led to a similar proportion of patients reporting complete recovery (12) and an association with anxiety and depression symptoms (13) .
Our results appear consistent with results of previous studies with larger sample sizes (6, 8, 12, 13, 15, 32) , suggesting that these may be generalizable. Furthermore, we report a rigorous cognitive evaluation, unveiling the importance of processing speed and language impairments in CA survivors. Finally, the novel combination of such a detailed evaluation with simple subjective assessment measures showed a strong association between subjective and objective recovery in CA survivors.
This study has some limitations. First, nonincluded survivors had worse CPC scores at 3 months, which might indicate a selection bias. However, many of them had preexisting psychiatric or neurologic conditions, which might explain their mitigate outcomes. Therefore, our results, and especially the cognitive part, are applicable only to patients that were healthy prior to CA and patients who are able to undergo a prolonged neuropsychologic evaluation. Second, grouping patients by subjective reports may have shortcomings: selfevaluation is modulated by the ability to assess one's own condition, that is, nosognosia, which is also influenced by mood disorders (38) . It is therefore possible that some patients reporting satisfactory recovery minimized their impairment, whereas some in the "unsatisfactory recovery" group were influenced by depression (39) . However, since subjective reports correlated strongly with several objective measures, this seems unlikely. Third, considering that some of the "objective" data are nevertheless based on patient's responses (i.e., questionnaires), subjective and objective measures might not be fully independent. This seems a common issue when using questionnaires, but obtaining consistent results in this context also provides argument for good internal validity (32) . Fourth, the same neuropsychologist conducted assessments of subjective and objective measures. We do not believe that this introduced an information bias, since functional outcome was obtained with minimal involvement from the neuropsychologist (i.e., self-administered questionnaires) and happened before cognitive testing; in addition, the CPC at 3 months, which was collected by a blinded research nurse, showed consistent results with the long-term evaluation. Fifth, including a control group and obtaining information from a close family member could have allowed to clarify the specific impact of CA. However, the tests' published norms provide a reliable appreciation of performances, and patients' awareness is also a valid approach. Finally, information on premorbid functional conditions are lacking, which is the case for all major studies on this topic (6, 12, 15) ; nevertheless, subjective assessment provides an indirect evaluation of patient's premorbid status as it refers to baseline functioning.
CONCLUSIONS
To the best of our knowledge, this work constitutes the first attempt to investigate the association between patients' subjective perception of recovery and detailed quantitative assessment. Our approach provides a simple measure of patients' evaluation taking into account premorbid level of functioning. In addition, subjective measures correlated significantly with objective cognitive and functional assessments. Therefore, if confirmed in other settings, this method could yield new insight regarding functional follow-up and appropriate calibration of rehabilitation efforts.
